JPET #53827 5 50% inhibitory concentrations (IC 50 ) against various strains of HIV-1 and HIV-2 in CD4+ lymphocyte cell lines ranged from 4nM to 0.67µM) (Coates et al., 1992) . NRTIs, like 3TC, inhibit HIV replication by a common mechanism; they are phosphorylated by intracellular enzymes to their active 5' triphosphates, which inhibit HIV reverse transcriptase through competition with endogenous 2'-deoxynucleoside-5'-triphosphates and by acting as chain terminators.
Structurally, 3TC is similar to the NRTI, 2'3'-dideoxycytidine (ddC; zalcitabine), just differing in the 3' position of the ribose ring where the carbon atom is replaced by a sulphur atom. In contrast to other NRTIs, including ddC, 3'-azido 3'-deoxythymidine (AZT; zidovudine), 2'3'-dideoxyinosine (ddI; didanosine) and 2'3'-didehydro-3'deoxythymidine (d4T; stavudine), 3TC has a more favourable safety profile and is unlikely to induce haematological or hepatic adverse effects, neuropathy or myopathy (Johnson et al., 1999) .
Our research group has recently investigated the ability of ddC to cross the blood-brain and blood-CSF barriers using a long duration (30min) brain perfusion method in the guinea-pig (Gibbs and Thomas, 2002) . CNS uptake of ddC was limited due to its removal via organic anion transporters present at the blood-brain and blood-CSF barriers. Using short duration studies (15-30s), the brain volume of distribution of [ JPET #53827 6 24h after dosing). Consequently it has been proposed that 3TC uses active efflux transport systems to leave the CNS (Wu et al., 1998; Blaney et al., 1995) . To test this hypothesis we investigated 3TC movement across the guinea-pig blood-brain and blood-CSF barriers by means of the long duration bilateral brain perfusion method and isolated incubated choroid plexus model. Both methods are well established and allow a thorough investigation of drug movement into the brain and CSF simultaneously. Another advantage of the longer perfusion time is that the uptake of slowly permeating molecules can be detected. 3TC is commonly prescribed with other NRTIs, so in addition to using a variety of efflux transport inhibitors, this study also examined the affect of additional NRTIs on the CNS distribution of 3TC.
JPET #53827

Method In situ bilateral brain perfusions
All experimental procedures were within the guidelines of the Animals (Scientific procedures) act, 1986, UK. Brain perfusions were carried out on anaesthetised (intramuscular: 0.32mg/kg fentanyl, 10mg/kg fluanisone and 5mg/kg midazolam) and heparinised (intraperitoneal: 25 000 units/ml heparin, 1ml/kg) adult Dunkin-Hartley guinea-pigs (352±5g). An oxygenated, warmed (37ºC) artificial plasma (NaCl 117.0mM, KCl 4.7mM, MgSO 4 0.8mM, NaHCO 3 24.8mM, KH 2 PO 4 1.2mM, CaCl 2 .6H 2 O 2.5mM, D-glucose 10mM, dextran (MW 60 000-90 000: ICN Biochemicals Inc, Aurora, OH, USA) 39g/L and bovine serum albumin 1g/L) was filtered and de-bubbled, before being driven by a peristaltic pump, through a perfusion circuit, into the cannulated carotid arteries of the guinea-pig (Gibbs and Thomas, 2002 was expressed as a percentage of the amount of activity in the artificial plasma (C plasma ; dpm/ml plasma) and termed uptake (ml/100g or ml/100ml).
[ 14 C]mannitol is a polar sugar alcohol which can only enter the CNS by simple diffusion along the restricted paracellular pathways of the cerebral capillaries and the choroid plexus (Thomas and Segal, 1996) 
Self-inhibition studies
Further brain perfusion experiments (20min) were carried out in the presence of an excess (50µM) of unlabelled 3TC dissolved in the artificial plasma. This was to determine whether 3TC transport across the brain barriers could be saturated. (Qian and Beck, 1990; Huai-Yun et al., 1998; Takubo et al., 2002; Gibbs and Thomas, 2002; Gibbs et al., 2003) were added individually to the artificial plasma and pre-perfused into the (Thomas et al., 2001) . A Jasco HPLC system was utilised (Jacso, Great Dunmow, Essex, UK) with a Packard radioactive detector (Packard, Pangbourne UK). All samples were eluted from a 150 x 4.6mm, 3µm Luna C18 (2) 
Transport inhibition studies
Isolated incubated choroid plexus
An isolated incubated choroid plexus technique was used to examine [
accumulation from an artificial CSF into choroid plexus tissue. Choroid plexuses were isolated from the brains of anaesthetised and heparinised guinea-pigs (Gibbs and Thomas, 2002 in the octanol (upper) and saline (lower) phases were determined using scintillation counting and the octanol saline partition coefficient was determined as a ratio of drug in the octanol phase to drug in the saline phase.
The percentage of 3TC binding to proteins in the artificial plasma were determined (at pH 7.4) as described previously (Gibbs and Thomas, 2002) .
Data Analysis
Data from all the experiments are presented as mean±SEM. Following multiple-time uptake studies, the slope (unidirectional transfer constant, K in ) and y-intercept (initial volume of distribution, V i ) of the line were determined by least squares linear regression analysis, where appropriate, and are reported together with the correlation coefficient (r) and the level of significance that time can be used to predict the uptake value. Statistical analysis was carried out using Sigma Stat software (Jandel Scientific; San Rafael, California, USA) and significance taken as * p<0.05.
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Octanol-saline partition co-efficient and protein binding
The octanol-saline partition co-efficient for 3TC was 0.108±0.006. Protein binding analysis revealed that 3TC binding to proteins in the artificial plasma was negligible (<1%).
This article has not been copyedited and formatted. The final version may differ from this version. Thomas, 2002) . Clinical studies have reported CSF/plasma ratios as 6% in adults and 0-46% (median, 10%) in children (van Leeuwen et al., 1995; Mueller et al., 1998) . Interestingly, in primates, mean 3TC CSF/plasma ratios are higher in lumbar CSF (41±23%) than ventricular CSF (7.9±4.7%) (Blaney et al., 1995) . This could be explained by the presence of an active efflux mechanism for 3TC localised to the ventricles.
[ 3 H]3TC was detected in the brain at very low levels following carotid artery perfusion. This reflects findings in the rat where 3TC brain uptake after 15s unilateral carotid artery perfusion was less than 0.05ml/100g (Wu et al., 1998 (Noe et al., 1997; Gao et al., 1999) .
Additionally, digoxin inhibits p-gp (Schinkel et al., 1996) which is also expressed at the choroid plexus. However p-gp is believed to function as an apically directed efflux transporter (Fricker and Miller, 2002) Evidence that 3TC interacts with a further choroid plexus transporter comes from incubated choroid plexus experiments (Figure 4) . the mouse and rat choroid plexus (Sweet et al., 2002) and rat OAT1 can transport 3TC (Wada et al., 2000) . However, we found no further evidence for the involvement of an OAT transporter, as PAH and salicylate (OAT1/OAT3
and OAT2 inhibitors respectively (Sweet et al., 1997; Kusuhara et al., 1999; Morita et al., 2001) ) did not effect [ 3 H]3TC choroid plexus accumulation.
Oatp1-3 are present in rat choroid plexus (Ohtsuki et al., 2003) . However, Oatp1 and Oatp3 influx organic anions from CSF to choroid plexus, so are unlikely to be involved in the efflux system reported here. Although we have evidence for a 2,4-D sensitive system, which removes 3TC from choroid plexus, the nature of this transporter remains unclear.
3TC is a weak organic anion that exhibits weak organic cation properties. A received trimethoprim with digoxin (Petersen et al., 1985) . Hence it may be possible that trimethorprim interacts with digoxin at the Oatp2 transporter.
MRP4 and MRP8, have also been implicated in 3TC transport (Schuetz et al., 1999; Turriziani et al., 2002) . MRP4 and MRP8 are known to be expressed in rat and human brain respectively (Bera et al., 2001; Hirrlinger et al., 2002) and MRP4 is present at the bovine BBB (Zhang et al., 2000) . To date, MRP1 is the only MRP to be localised to the choroid plexus (Rao et al., 1999 An interaction between 3TC and ddI at the choroid plexus has been implicated by this work. In contrast, there was no evidence for interactions between 3TC and abacavir, AZT or d4T at the choroid plexus (Figure 4 ).
Given that the choroid plexus is considered a target for treating HIV within the Schinkel AH, Wagenaar E, Mol CA, and van Deemter L (1996) were compared using a Kruskal-Wallis one way ANOVA followed by Dunn's method and ANOVA followed by Dunnett's method, *p<0.05.
